Introduction: Lexical fluency tests are frequently used in clinical practice to assess language and executive function.
Introduction
The primary objective of the NEURONORMA project (NN) is to collect normative data for frequently used neuropsychological tests in an adult population older than 49 . 1 The present study (NEURONORMA young adults [NNy] ) collects normative data from an adult population aged 49 and younger using the same tests. The general characteristics of this study are described in another article. 2 Our article, within the framework of the project mentioned above, presents normative data from young adult subjects (aged 18-49) on 10 verbal fluency (VF) tests: 3 semantic fluency tasks (SVF) for animals, fruits/vegetables and kitchen tools; 6 formal fluency tasks (FVF); 3 initial letter tasks (ILF); 3 excluded letter tasks (ELF) and a verb fluency task (VVF). This last is a new test which we have added to the neuropsychological test battery used in the NN project.
VF tests provide data about the subject's attention, short-term memory, ability to begin and maintain verbal production, mental flexibility, response inhibition capacity, mental processing speed, and semantic memory. 3 They are widely used for both research and neuropsychological examinations since they are both easy to administer and sensitive to a wide variety of cognitive dysfunctions. [4] [5] [6] VF tests are numerous and available in multiple versions that appear in some compilations of neuropsychological tests. 4, 7, 8 Many neuropsychological test batteries include a VF test. Most versions evaluate production of words pertaining to a set grammatical category in the period of 1 minute. The most common categories of FV tests are semantic (animals) and formal (initial letter).
Benton developed the first oral version of the FVF test 9 ; its most recent version is the Controlled Oral Word Association Test (COWAT). 5 While there is currently no consensus on which version is the most appropriate for studying FVF, the most commonly employed test of ILF in English uses the letters F, A, and S. Crawford et al. 10 developed another type of FVF task, excluded letter fluency, which Shores et al. 11 used to gather normative data for young adults.
A wide array of categories has been proposed for studying SVF: animals, fruits and vegetables, kitchen tools, items in a supermarket, or personal names. The most widely studied category is names of animals. 12 The VVF, developed by Piatt et al., studies production of words in the verb category. The same researchers also provided normative data for both the elderly 13, 14 and young adults. 15 Several normative studies have shown how sociodemographic factors affect performance on VF tests. Specifically, scores show significant age and education effects. [16] [17] [18] [19] [20] [21] [22] Tombaugh et al. 12 concluded that FVF is more sensitive to education, while the SVF is more sensitive to age. Other studies have described a positive relationship between verbal intelligence and FV in older adults. [23] [24] [25] Whether or not there is a sex effect on the number of words generated in VF tasks is a matter for debate. While most studies show only minimal evidence of a sex effect for these tasks, other studies have found sex to be significantly correlated with SVF. 16, 26 A meta-analysis carried out by Loonstra et al. 19 concluded that there was a clear sex effect on the COWAT test.
Most studies in the literature describe an ethnicity effect on VF. 17, 27 However, other studies, such as the one by Kempler et al., 28 attribute differences in performance to linguistic issues and not to any effect of ethnicity per se.
Other factors, such as bilingualism or the geographic region, may also influence performance on VF tasks. 29 Benton et al. 5 considered ranges of frequencies for letters in Spanish in order to develop a multilingual test battery to test for aphasia, the Multilingual Aphasia Examination. Many Spanish-language neuropsychological test batteries include VF tasks. [30] [31] [32] [33] Furthermore, numerous studies provide normative data in Spanish. [34] [35] [36] [37] [38] [39] [40] [41] [42] Artiola et al. 31 proposed using the letters P, M, and R for the FVF task in order to minimise language effects. Other studies have compared results from bilingual and non-bilingual Spanish speakers on tasks in English and Spanish. 16, 27, 43 Researchers recently proposed a standard method for administering the VF test in Spanish. 44 To date, many normalisation studies for VF tasks have focused on age and sex effects in adults older than 50 (see Mitrushina et al. 8 ). On the other hand, some studies warn against applying validated normative data from adults over 50 in younger subjects, given that the impact of sociodemographic variables changes throughout the subject's lifetime. 21 Results from numerous studies stress the need for normative data appropriate for studying VF in the young adult population. The purpose of our study is to present an initial description of performance on formal, semantic, and verb VF tasks in a young adult population in a specific cultural and linguistic context.
Material and methods

Subjects
Recruitment methods and sample characteristics have already been described in another article. 2 To summarise, we recruited 179 white subjects who had been educated in Spain and were either native Spanish speakers or bilinguals. The sample was stratified by age and educational level. None of the subjects presented cognitive disorders; scores on the Mini-Mental State Examination (MMSE) 45, 46 were ≥24 and scores on the Memory Impairment Screen (MIS) 47, 48 were ≥4.
Neuropsychological measurements
We followed the neuropsychological protocol established for the NN project. 34 All tests were administered according to the procedures published in their manuals.
Below, we describe the specific methods for administering each of the VF tests.
Semantic fluency. Test makes use of 3 semantic categories: animals, fruits and vegetables, and kitchen tools. Subjects are allowed 60 seconds to provide answers for each category. They received the instructions described in the Barcelona test manual. 32 Only correct responses were counted; we did not list incorrect responses or repeated answers, including words for the 2 sexes of the same species unless the root words were etymologically different (an example in English would be 'stallion' and 'mare'). Variant words for the same animal species were also eliminated, as well as generic terms in cases in which the subject named more than 1 animal corresponding to a generic group (for example, if the subject named both 'bird' and 'canary', only 'canary' was counted). Electrical appliances were excluded from the 'kitchen tools' category.
Formal VF with a set initial letter. Subjects were asked to name as many words starting with a specific letter as possible in 60 seconds. Subjects performed the task for the letters P, M, and R. These letters were used in the same way as we describe in NN, 34 and were chosen because they are well-suited to the Spanish lexicon (unlike F, A, and S). 31 Proper names and derivative words were not permitted.
Formal VF with a set excluded letter. Subjects were asked to name as many words as possible not containing a specific letter in 60 seconds. Excluded letters were A, E, and S, as stated in the NN project. 34 Proper names and words derived from previous answers were not permitted.
Verb fluency. Subjects were asked to name as many verbs or 'action words' as possible during 60 seconds. Different verbal forms of the same action were not counted (to cite an equivalent English example, answering 'sing' and 'singing' would count as a single answer).
Statistical analysis
A uniform statistical analysis was carried out for all neuropsychological tests included in the project due to its role as a co-normalisation study. The procedure can be summarised as follows: (a) we calculated the cumulative frequencies of the raw scores on all the VF tests. Percentile ranges were assigned to raw scores according to their position within the distribution. Percentile ranges were then converted to NSS (NEURONORMA Scaled Scores) ranging from 2 to 18. This conversion of raw scores produces an approximation of a normal distribution (mean ± standard deviation: 10 ± 3) that permits use of linear regression models; (b) NSS correlation coefficients (r) and coefficients of determination (R 2 ) were determined for age, years of education, and sex for each of the VF tests. Adjustments were applied only to those variables with a percentage of explained variance exceeding 5% and a statistically significant coefficient of regression. (c) The NSS was adjusted for age, education, and sex according to the following formula: Table 1 displays the array of frequencies of raw scores for the entire group aged 18 to 49, with the corresponding scaled scores and percentile ranks. To use the table, we select the patient's raw score for each test and identify the corresponding NSS and the percentile rank.
Results
Based on the NSS, and given a normal distribution for the sample, we calculated the correlation coefficient (r) and coefficient of determination (R 2 ), which are shown in Table 2 . The variable 'education' explained a large part of the variance on most of the VF tests: animals (10.2%), fruits/vegetables (10%); initial letter 'P' (8.1%) and 'M' (10.8%); excluded letter 'A' (10.8%), 'E' (9.6%), and 'S' (8.3%); and verbs (18.7%). This was not the case for initial letter 'R' and kitchen tools, for which the percentage of variance explained by education was less than 5%. Age explained 6.7% of the variance in performance on the SVF test for fruits/vegetables and 6.6% of the variance for initial letter 'R'. There was no significant age effect on any of the other tests. No sex differences were observed for any of the VF tests.
Multiple regression coefficients were used to adjust for age and education by using the formula for NSS A&E . Based on these data, we created age and education adjustment tables which doctors can use to adjust scores (Tables 3-5) . Tables 3 and 4 are used by selecting the variable 'years of education' or 'age' on the top row in order to ascertain the correction to be applied to the NSS for each test. Table 5 is used by selecting the variables 'age' from the top row and 'years of education' from the left column to determine the correction to apply to the score.
Discussion
The main objective of our study was to obtain normative data from young Spanish adults completing a wide range of VF tests as part of a co-normalisation project for neuropsychological testing tools. The methodology is described in another article. Results show a clear education effect on 8 of the VF tests (animals, fruits/vegetables, initial letters 'P' and 'M', all excluded letter tests, and verbs). This was not found for kitchen tools and initial letter 'R'. The education effect was the most marked for the VF tasks for initial letter 'M', excluded letter 'A', and the VVF tests. These results are consistent with a large majority of normative studies which have found a significant education effect on FVF and SVF test results. 8, [16] [17] [18] [19] 22, [25] [26] [27] [28] [29] [30] [49] [50] [51] The fact that the education effect is more marked for listing verbs and naming words beginning with 'M' or not containing 'A' may indicate that higher cultural and educational levels 4, 11, 12 (a better knowledge of the grammar and spelling of the language in question) aid in performing these tasks. These results support the hypothesis that this type of fluency test is more sensitive for detecting executive function disorders. 11, 12 Our results are also consonant with results from the Tombaugh et al. 12 study that describes education as being better than age at predicting performance on VF tests.
Performances on only 2 of the VF tests (fruits/vegetables and the initial letter 'R' tests) displayed an age effect. There were no significant age differences for the rest of the tests. These results do not coincide with generic conclusions from prior studies that describe decreasing VF with increasing age, [16] [17] [18] [19] [20] [21] [22] while they do coincide with other studies that found no significant differences. 23 In contrast, the relationship observed between age and the SVF test for fruits/vegetables and the ILF test for 'R' was opposite to that found in the studies indicated above. In our study, age had a positive effect and was associated with better performance on those tests. The positive effect of age on test performance may be linked to our sample characteristics, including the age range studied (<50 years). Subjects in this age group have not begun to experience any type of 54 who observed a peak in performance between the ages of 19 and 30 with declining scores as age increased. However, our findings do not coincide with prior studies that observed a decline in scores beginning at the age of 20. 8 Neither did we observe a stronger relationship between age and SVF than between age and FVF as some authors have proposed. 12, 17, 18 No significant sex effects on performance were detected for any of the VF tests in our group. We find conflicting data regarding the influence of this variable on VF tests (please refer to the review by Mitrushina et al. 8 ). The results obtained in our study support those concluding that there is no sex effect on performance on VF tests. 12, 23 With regard to studies published in Spanish using adult subjects younger than 50, our results with regard to the effect of education on VF support findings by Buriel et al. 37 and Villodre et al. 55 However, we did find a different age effect for some of the ELF tests and the SVF test for animal names.
Compared to results from the NN study for the group of adults over 50, 34 our study revealed different age effects. This is probably due to the effects of ageing on performance on VF tests which begin to appear in middle-aged subjects. Findings for education were similar, as education had the same effect on performance in both groups.
We should mention that this is the first study presenting data for a wide range of VF tests (3 SVF, 3 ILF, 3 ELF, and 1 VVF) that were all administered to a single sample of adults younger than 50.
Conclusions
This study corroborates the effect of education on VF tasks and also highlights the minimal age and sex effects on performance of these tasks within the age range studied here.
This project provides normative data for VF in a younger population of Spanish adults. Our data have been processed in order to facilitate clinical diagnosis and permit analysis alongside other neuropsychological tests of all kinds.
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